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■ Abstract 

(N 

The experimental determination of V u d from neutron beta decay requires accurate values of 
the neutron lifetime and the ratio of the weak axial- vector to vector coupling constants of the 
["T i ' nucleon. The latter is derived from measurements of angular correlation coefficients in the 

differential decay probability, such as the beta asymmetry parameter A, the neutrino-electron 
angular correlation coefficient a, or the parameter C of the proton asymmetry. As a probe free 
from nuclear structure corrections the decay of the free neutron has the potential to provide 
the most accurate value of U u d- Towards that end however, the experimental sensitivity still 
, needs to be further improved to become competitive with superallowed nuclear beta decays. 

This contribution briefly reviews the current status of those neutron decay studies relevant 
O i for the determination of Vud- 
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The semi-leptonic beta decay of the free neutron is a mixed transition with exactly known 
Fermi and Gamow- Teller matrix elements given by Clebsch Gordan coefficients [U [2] , and with 
negligible isospin symmetry breaking effects in the neutron-to-proton vector current transition 
matrix element [3J. As from superallowed + — > + nuclear beta decays jl], nuclear mirror 
transitions [5] and pion beta decay [6] , V u d is determined from the weak vector coupling constant 
of the nucleon, gy = V^Gf, with the Fermi coupling constant Gf determined from the muon 
lifetime [Tj- In the standard V — A theoretical description of neutron decay the axial- vector 
current contributes with an empirical coupling constant gA, so that two observables are needed 
to access V n &. These are the neutron lifetime, 



Tn 1 oc g Y + 3g\, (1) 

and a coefficient appearing in the differential decay probability expressed in terms of various 
angular correlations [8]. Highest experimental sensitivity has been achieved for the beta asym- 
metry coefficient A, which within the standard model with negligible time reversal invariance 
violation is given by 

A ~ 1 + 3A 2 ' (2) 

where 

A = ^. (3) 

is derived from the following expression given by Marciano and Sirlin, 

2 _ 4908.7(1.9) s 
Kd| " r n (l + 3A 2 )' (4) 
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where the numerical value quoted in parentheses represents the uncertainty estimate of their 
calculation of the radiative correction Ar accounting for short-distance loop effects [9]. The 
theoretical knowledge of Ar ultimately limits the accuracy to currently 5 | | = 1.9 x 10~ 4 . 
While the experimental precision of superallowed + — > + nuclear beta decay studies has been 
pushed beyond this limitation [H [TOl lllj . in neutron decay studies there is still large room for 
improvement. It is reasonable to request that the contributions from r n and A to the total error 
of V u d should be made smaller than that due to This defines the goal that r n and A need 
to be measured with accuracies of at least 5r n < 0.34 s and 5X < 3 x 10~ 4 . 

The experimental situation of the neutron lifetime has been particularly unsatisfactory. Until 
2005, the world average of measured values looked fine, 885.7 ± 0.8 s with a reduced x 2 = 0.76 
[12] . In 2005, Serebrov et al. published a new result of 878.5 ±0.8 s, disagreeing by 6.5 standard 
deviations [131 E]- The Particle Data Group (PDG) [15] said: "The most recent result, that of 
Serebrov 05, is so far from other results that it makes no sense to include it in the average. It 
is up to workers in this field to resolve this issue". In the meantime, a new result of 880.7 ± 1.8 
s became published [16] . and also a still unpublished result of a magnetic trapping experiment 
|17] seems to support a lower lifetime value than the one accepted before 2005. A closer look 
on the situation before 2005 shows that the world average value was dominated by a single 
experiment with a quoted result of 885.4 ± 0.9 sta t ± 0.4 syst s [15] . After publication of a Monte 
Carlo analysis of that experiment [19], the authors scrutinized their procedures and recently 
published a corrected, lower neutron lifetime value of 881.6 ± 0.8 s t a t ±l-9 sys t s [20]. With these 
changes included, the most recent PDG average value is now 880.1 ± 1.1 s [21]. However, a scale 
factor of S = 1.8 applied by the PDG indicates that systematic uncertainties were not properly 
taken into account in all experiments. 

The experiments with strongest impact on the world average value were performed using 
storage of ultracold neutrons (UCN) in material bottles. There, the main challenge is to cope in 
a reliable manner with UCN losses during wall collisions. A generally adopted strategy employs 
a variation of trap size and/or mean UCN velocity in order to repeat the trapping experiment 
with different mean times if of free flight between wall collisions. The neutron lifetime value is 
obtained from an extrapolation of measured UCN storage time constants to t^ 1 — > 0. While 
several experiments involved extrapolations by more than 100 seconds, in the experiment |13j 
the closest data point was off by only At ~ 5 s, thanks to small UCN losses of vessel walls 
coated with a fluorinated oil, liquid at low-temperature. Storage time constants almost as good 
were previously measured by the same group in a lifetime experiment using solid oxygen as wall 
material [22] . However, the fact that its result of 888.4 ±3.1 s is more than three standard 
deviations off the new result illustrates that, despite small corrections, at least in one of these 
experiments errors were estimated too optimistically. Also the result 886.3 ± 1.2 s ^ a ^ ± 3.2 S y S t s 
|23] of the only still competitive neutron lifetime experiment using a cold beam instead of UCN 
trapping is in disagreement but will soon take data with an improved method to determine the 
fluence of the beam. Magnetic trapping offers a route to determine the neutron lifetime free 
from uncertainties associated with interactions of UCN with material walls. Experiments well 
under way are [13 [Ml [25] , and several new projects were begun around the world [26l [271 [251 [29] . 

Like the neutron lifetime, also the neutron beta asymmetry was measured many times by 
several independent groups (see, e.g. the reviews [H[2]). While in earlier measurements correc- 
tions on the raw asymmetry in the order of 15 — 30% had to be applied for neutron polarisation, 
magnetic mirror effects, solid angle and backgrounds, experimental techniques have strongly 
been refined in the meantime, so that in latest measurements of the PERKEO collaboration 
instrumental corrections stayed at the level of experimental uncertainties. As an example of the 
progress made, the last experiment on A with the spectrometer PERKEO II was performed with 
a neutron beam polarisation of 99.7(1)% [30], using now well established techniques of neutron 
polarisation and polarimetry [31~ 1 [32 ] l33~ l 134]. 
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The latest value for A compiled by the PDG is A = -1.2701 ± 0.0025 (5 = 1.9) [21J. Not 
yet included is a new result from PERKEO II [30], A = -1.2755 ± 0.0013. The determination 
of A = -1.27590i°:So445 with UCNA [35J, the only experiment on A performed with ultracold 
neutrons and described in impressive detail in {36] . is in agreement with this result, and work 
to further reduce uncertainties is ongoing. An accuracy of 5X = ±0.00067 has been announced 
for a recent new measurement of A with the new PERKEO III spectrometer |37[ [38] for which 
a blind analysis is underway. 

Complementary to the beta asymmetry A, neutron decay offers further observables sensitive 
to the ratio A. Within the standard V — A theory the neutrino-electron angular correlation 
coefficient a is given by 

1-A 2 
1 + 3A 2 

Two prior measurements of a \39\ |4"0] contribute only weakly to the global PDG value for A but 
new experiments are currently taking data, using the spectrometers aSPECT |4 HI42ll4"3"t l4"4"] and 
aCORN [45]. The proton asymmetry, for which recoil order, Coulomb and model-independent 
order-a radiative corrections were calculated by Glueck [36], depends on A as 

4A 

C = 0.27484- 



'1 +3A 2 ' 

It has so far been measured only a single time [17] and will be measured soon again with 
PERKEO III and aSPECT and is also in the focus of the PANDA proposal [48]. 

Marciano and Sirlin stated in 2006: "Future precision measurements of r n and A (...) will 
ultimately be the best way to determine V u d, but for now it is not competitive". Today this 
statement is still valid but there is visible progress and several ambitious projects are in the 
pipeline. The present generation of existing neutron decay spectrometers should lead to accu- 
racies close to the goal set by present theory limitations, and projected new spectrometers such 
as PERC [49] and Nab [50] have the potential to go well beyond. 
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